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Background: Previous studies have demonstrated that mam-
mographic breast density increases following the initiation
of estrogen replacement therapy (ERT). The effect, if any,
that this increase in density has on the specificity (related to
false-positive readings) and the sensitivity (related to false-
negative readings) of screening mammography is unknown.
Purpose: Using a retrospective cohort study design, we as-
sessed the effects of ERT on the specificity and the sensitivity
of screening mammography. Methods: Participants (n =
8779) were postmenopausal women, aged 50 years or older,
who were enrolled in a health maintenance organization lo-
cated in western Washington state and who entered a breast
cancer screening program between January 1988 and June
1993. Two-view mammography was performed as part of a
comprehensive breast cancer screening visit. Menopausal
status, as well as demographic and risk-factor information,
was recorded via self-administered questionnaires. Hor-
monal replacement therapy type and use were determined
from questionnaire data and from an automated review of
pharmacy records. Individuals diagnosed with breast cancer
within 12 months of their first screening-program mam-
mograms were identified through use of a regional cancer
registry. Risk ratios (RRs) plus 95% confidence intervals
(CIs) of false-positive as well as false-negative examinations
among current and former ERT users (with never users as
the reference group) were calculated. Reported P values are
two-sided. Results: The specificity of mammographic screen-
ing was lower for current users of ERT than for never users
or former users. Defining a positive mammographic reading
as any non-normal reading (either suspicious for cancer or
indeterminate), the adjusted RR (95% CI) of a false-positive
reading for current users versus never users was 1.33 (1.15-
1.54) (P<.001); for former users versus never users, the RR
(95% CI) was 1.00 (0.87-1.15). The adjusted mammographic
specificities (95% CIs) for never users, former users, and
current users of ERT were 86% (84%-88%), 86% (84%-
87%), and 82% (80%-84%), respectively. Defining a posi-
tive reading more rigorously (i.e., as suspicious for cancer
only), the adjusted RRs (95% CIs) of false-positive readings

for current users and former users (versus never users) were
1.71 (1.37-2.14) (/><.001) and 1.16 (0.93-1.45), respectively.
Sensitivity was also lower in women currently receiving
ERT. The unadjusted RR (95% CI) of a false-negative read-
ing for current users versus never users was 5.23 (1.09-
25.02) (P = .04); for former users versus never users, the RR
(95% CI) was 1.06 (0.10-10.87). The unadjusted mam-
mographic sensitivities (95% CI) for never users, former
users, and current users of ERT were 94% (80%-99%),
94% (69%-99%), and 69% (38%-91%), respectively. Con-
clusions and Implications: Current use of ERT is associated
with lower specificity and lower sensitivity of screening
mammography. Lower specificity could increase the cost of
breast cancer screening, and lower sensitivity may decrease
its effectiveness. [J Natl Cancer Inst 1996;88:643-9]

Screening mammography is one of the most important and ef-
fective means of early detection of breast cancer, and its use has
been associated with a reduction in breast cancer mortality
among women 50 years of age and older (7). As with any
screening method, the performance characteristics—the sen-
sitivity and the specificity—play a large role in determining the
effectiveness of early detection programs (1-8). Postmenopausal
estrogen replacement therapy (ERT) may influence the perfor-
mance characteristics of screening mammography through its
effect on radiographic breast density.

The degree of mammographic breast density changes
throughout a woman's life (9-14), and, in general, the pre-
menopausal breast is radiographically dense. Marked radio-
graphic breast density is associated with a failure to diagnose
cancer by mammography (15-17). This fact is thought to ac-
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count, in part, for the decreased sensitivity of mammographic
screening among .younger women (18-20). Specificity may also
be affected, since the radiologist's degree of certainty is reduced
and the number of false-positive examinations increases in asso-
ciation with marked density (9). With age, and particularly fol-
lowing menopause, glandular elements within the breast regress
and are replaced by fat, resulting in increased radiolucency and
better performance characteristics for screening mammography.

This normal involutional process may be retarded or reversed
by the use of postmenopausal ERT. Hormonal replacement
therapy results in an increase in mammographic breast density
or in a change in the parenchymal pattern in a significant proportion
of postmenopausal women (17%-73%, depending on how the
changes are measured) (72,27-25). An ERT-induced increase in
mammographic density might result, therefore, in an increase in
false-positive and/or false-negative readings among postmeno-
pausal women. Given that the population of women for whom
screening mammography is most effective (those 50 years of
age and older) is also the group most likely to be considered for
ERT, any deterioration in the accuracy of this test associated
with ERT would have potentially important implications.

The aim of our study was to determine the effects of ERT on
the performance characteristics of screening mammography. We
sought to define the frequencies of false-positive and false-
negative examinations to compare the specificities and the sen-
sitivities of mammography for women who are current or
former users of ERT and for those who have never used ERT.
Our study population included women enrolled in the Group
Health Cooperative (GHC) of Puget Sound, WA, and we used a
retrospective cohort study design.

Subjects and Methods

Subjects were enrollees in the GHC, a closed-panel health maintenance or-
ganization with 400000 members that includes two hospitals and 21 primary
care facilities in western Washington state. Female enrollees were slightly better
educated than the general population of comparably aged women and were more
likely to have household incomes above $15 000 and below $35 000 than the
general population of western Washington. A Breast Cancer Screening Program
(BCSP) was implemented in 1985 (26,27) to achieve regular and appropriate use
of mammography among GHC members. All female enrollees 40 years of age or
older were mailed a two-page questionnaire on enrollment or shortly after their
40th birthday. At the time of this study, 84% of the GHC women enrollees over
40 years of age had completed the questionnaire, which elicited information con-
cerning breast cancer risk factors, reproductive history, screening history, and
past estrogen use (e.g., "Have you ever taken estrogen or other hormones for
menopausal symptoms or prevention of osteoporosis?") (27). All women 50
years of age and older and selected women 40-49 years of age who were at high
risk of developing breast cancer were invited to undergo screening at 1-2-year
intervals. The BCSP screening visit included a clinical breast examination, in-
struction in breast self-examination, and two-view mammography. Screened
women were asymptomatic; those with breast complaints or self-discovered
lumps were referred to their primary care provider for evaluation and did not
enter the screening program. Radiographers were unaware of the results of the
breast physical examination, which was performed by the screening center
nurse-clinician, and they did not have access to responses recorded on the BCSP
screening questionnaire. The radiology department did request that patients com-
plete a brief questionnaire regarding past and current breast symptoms, family
history of breast cancer, and current hormone use for inclusion in the x-ray film
jacket. Thus, the radiographer had access to some clinical information concern-
ing those screened.

The three screening centers with mammographic facilities that provided data
for this study were evaluated and approved by the American College of Radiol-

ogy. The project was approved by the Institutional Review Board of Group
Health Cooperative of Puget Sound and by the University of Washington.

The BCSP data are maintained on an IBM mainframe computer that contains
all survey data as well as screening visit and mammographic findings and
recommendations. On a quarterly basis, the Seattle-Puget Sound Surveillance,
Epidemiology, and End Results (SEER)1 cancer registry provides the GHC with
an extract from its database detailing all cases of cancer that are marked as diag-
nosed and/or treated among women enrolled in the GHC. Internal SEER audits
demonstrate nearly 100% case ascertainment for cancers diagnosed among GHC
women (28). The GHC computerized pharmacy database was used to retrospec-
tively assess hormone use during the 12 months prior to BCSP mammogram
completion. Each pharmacy record includes information about the drug
prescribed and its prescription date as well as information about its dose, the
quantity dispensed, and the dosing instructions.

Identification and Exposure Classification of Subjects

Subjects were selected from women enrolled in the BCSP on the basis of the
following criteria: 1) age of 50 years or older with a survey response indicating
natural cessation of menses or age of 55 years or older with a survey response
indicating surgical menopause, 2) continuous enrollment in the GHC for at least
12 months before and 12 months after the mammographic screening date, and 3)
first BCSP screening visit between January 1988 and June 1993. Only x-ray
films from a woman's first BCSP mammography visit were included in the
analysis; these mammographic films may not be a subject's first screening films,
although a history of prior non-BCSP mammography is included in the analysis.
Subjects were excluded from the study if they had a personal history of breast
cancer before entry or they failed to respond to the BCSP survey question con-
cerning past estrogen use.

Hormone use for each subject was classified on the basis of survey response
data and on pharmacy records covering the period from the date of survey ques-
tionnaire completion to the date of the first screening visit. A never user was
defined as an individual with survey-response data indicating no past ERT use
and no prescription for estrogen recorded in the pharmacy database from the
date of survey completion to the date of the screening visit. Current user status
was determined by searching the pharmacy database for the last hormone
prescription preceding the screening visit date. A woman who took at least 80%
of the prescribed dose, based on refill information, and who received enough
pills to last until the screening visit date was counted as a current user. Among
current users, 94% had taken ERT for 3 months or more during the year preced-
ing the mammographic screening date. A former user was defined as a noncur-
rent user who had indicated use of estrogen on the BCSP survey questionnaire or
who had at least one prescription for estrogen during the interval between com-
pleting the survey and the screening visit but who was not taking ERT at the
time of mammography. A similar scheme was used to classify progesterone use.

Classification of Mammographic Readings and Outcomes

According to the BCSP program, mammograms were classified as "negative"
(no radiographic evidence of cancer), "indeterminate" (mammogram with fea-
tures requiring further evaluation), or as "possessing features suggestive of
malignancy." In general, a positive screening mammogram can be defined in a
number of ways, and this definition affects the specificity and sensitivity cal-
culations (/). For our primary analysis, we defined a positive mammogram as
any non-normal reading, including both indeterminate readings and those sug-
gestive of cancer. This liberal definition of a positive test would maximize the
detection of all false positives, even those leading to a low-level follow-up
recommendation (e.g., repeat mammography at 6 months). This definition of a
positive mammogram (suggestive of cancer plus any abnormal) was also used to
calculate the sensitivity of the screening test. Specificity calculations were fur-
ther performed using a second definition that included as positive only those
mammograms that were read as suggestive of cancer.

SEER data were used to determine whether a diagnosis of breast cancer, includ-
ing ductal carcinoma in situ (DCIS), occurred within 12 months of the screening
visit. Cases of lobular carcinoma in situ were not included. The SEER staging sys-
tem was used to classify the extent of disease (stage 0 = carcinoma in situ, stage 1 =
local disease, stage 2 = regional disease, and stage 3 = distant spread of disease).

A negative reading was designated a true negative if no breast cancer was
diagnosed within 12 months of the screening date for mammograms originally
classified as no signs of cancer. A reading was defined as a false negative if
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breast cancer was diagnosed within 12 months of a negative screening mam-
mogram (an interval cancer). A positive reading was classified as a true positive
if breast cancer was diagnosed within 1 year of the positive reading or a false-
positive examination if no cancer was diagnosed within 1 year.

Specificity and the false-positive frequency (1 - specificity) are complementary
ways of relating how often a test appropriately classifies normal subjects without
disease. Specificity was defined as the proportion of negative mammograms among
women without cancer. The false-positive frequency is the proportion of those sub-
jects without cancer but with a positive examination. Sensitivity and the false-nega-
tive frequency (1 - sensitivity) relate how well a test identifies those subjects with
disease (29). Sensitivity was defined as the proportion of cancer cases with an as-
sociated abnormal mammogram. The false-negative frequency is the proportion of
cancer cases with an associated negative examination.

Statistical Analysis

In comparing exposure group characteristics, we used the Student's / test for
continuous variables and the chi-squared test for categorical variables. All statistical
tests were two-tailed. Comparisons of and confidence intervals (CIs) for binomial
proportions were computed using the normal theory method. When the sample size
was small, we employed Fisher's exact test and determined the CIs using the exact
method. Separate analyses were conducted for false-positive mammograms among
women who did not have breast cancer (specificity analysis) and for false-negative
mammograms among women who did (sensitivity analysis). Stratification and
logistic regression methods were used to control for potential confounders of the
relationship between ERT exposure group and the outcome of mammographic
screening using unconditional logistic regression (30). Potential confounders were
chosen based on the published literature and included factors known to affect the
sensitivity and specificity of mammography (8) as well as factors that might affect
breast density (11,1331-34). Variables evaluated as potential confounders included
age, history of a first-degree relative with breast cancer, existence of a previous
mammogram, age at menarche of less than 11 years, weight, height, body mass
index, age greater than 29 years at first full-term pregnancy, year of index mam-
mogram, current smoking, and past oral contraceptive use for 1 year or more. Ad-
justed specificities were derived from the regression equation using mean values for
the final adjustment variables for the entire cohort.

Results

Study Population Characteristics and Outcomes

The characteristics of the study population and of the three
ERT exposure groups are shown in Table 1. The groups ex-

hibited statistically significant differences. Current users of ERT
were younger, had a lower body mass index (weight in
kilograms divided by height in meters squared), were more like-
ly to have had a previous mammogram and a previous breast
biopsy, and were more likely to be surgically menopausal than
never users. Current users also had a lower prevalence of nul-
liparity, late age at first full-term birth, and early menarche.
Conjugated equine estrogen (Premarin, Wyeth-Ayerst, Philadel-
phia, PA) was the estrogen used by 80% of current users, and
esterified estrogen was used by 19%. Virtually all of the pro-
gesterone received was medroxyprogesterone acetate.

Table 2 summarizes the outcomes of the first BCSP screening
mammograms for the three groups. The overall cancer preva-
lence was 7.2 per 1000. Cancer prevalence was slightly higher
among those who had never used ERT, a difference that was not
statistically significant (P - .14 for current users versus never
users). Sixty-three cancers were detected in the study group at 1
year; 56 were associated with an abnormal mammogram (true
positives), and seven were associated with a normal mam-
mogram (false negatives). Forty-five (71%) of the cancers were
early stage breast cancers, i.e., DCIS (n = 2) or stage I (n = 43).
Thirty-six percent of all tumors measured 15 mm or less in size,
and 23% were 10 mm or less. The mean size of the tumors did
not differ between the three ERT exposure groups.

Specificity

The unadjusted specificity of screening mammography (with
a positive defined as any abnormal) was lower for current users
of ERT (82%) than for former users or never users (85%) (Table
2). Because of the presence of significant differences in the
clinical characteristics of the three ERT groups, we employed
multiple logistic regression to adjust for confounders of the
relationship between the false-positive frequency (1 - speci-
ficity) and ERT use among women without cancer. The risk
ratios (RRs) listed in Table 3 reflect the proportion of false-posi-
tive examinations among women without cancer in former and

Table 1. Mean values of selected characteristics of study subjects according to estrogen replacement therapy (ERT) exposure group

Variable

Age at first BCSPt mammogram, y

Weight, kg

Body mass index, kg/m2

Surgical menopause, %

First-degree relative with breast cancer, %

Nulliparous, %

Age at first delivery >30 y, %

Menarche before age 12 y, %

Previous breast biopsy, %

Previous non-BCSPt mammogram, %

Current smokers, %

History of oral contraceptive use for 1 year or more, %

All
subjects

(n = 8779)

65.8

68

25.9

30.4

9.4

8.8

7.5

4.2

11.8

64

16.2

22

Never
used
ERT

(n = 3826)

66.5

69

26.3

15.6

9.5

9.9

9.2

4.4

10.6

57.7

16.4

20.4

Former
user of
ERT

(n = 2853)

66.9

68

25.9

36.5

9.5

7.9

6.9

4.3

12.0

65.9

16.7

19

Current
user of
ERT

(n = 2100)

63.1

67

25.1

48.9

8.8

7.4

5.0

3.9

14

74.0

15.0

31.1

P*

<.001t
<.ooit
<.05J

<.001§

NS§

.002§

<.001§

NS§

<.001§

<.001§

NS§

<.001§

*AII P values (two-sided) for current users versus never users. NS = not significant.
tBCSP = Breast Cancer Screening Program.
+Student's/test.
§Chi-squared test.
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Table 2. Mammography outcomes with 1 year of follow-up in never users, former users, and current users of estrogen replacement therapy*

True negatives

False positives

True positives

False negatives

Cancer prevalance per 1000

Specificity (95% confidence interval)

Sensitivity (95% confidence interval)

Never used, n = 3826

3228

564

32

2

8.8

85% (84%-86%)

94% (80%-99%)

Former users, n = 2853 Current users, n = 2100

2427

410

15

1

• 5.6

85% (84%-87%)|

94% (69%-99%)i

1720

367

9

4

6.2t

82%(81%-84%)§

69%(38%-91%)ll

*Positive is defined as a reading of suspicious for cancer or indeterminate. Negative is defined as no evidence of cancer.
fNot statistically significant from former users or never users at the .05 level (normal theory method).
$Former users and never users not significantly different at the .05 level for sensitivity or specificity calculations.
§Two-sided P = .006 for current users versus never users and two-sided P = .001 for current users versus former users (normal theory method).
IITwo-sided P = .04 for current users versus never users and two-sided />>.05 for current users versus former users (exact method).

current users of ERT. Never users comprised the referent
category. We adjusted for age, history of a first-degree relative
with breast cancer, and history of a previous non-BCSP mam-
mogram. None of the other potentially confounding variables
significantly affected the relationship between ERT exposure
and the false-positive frequency.

Table 3 shows the unadjusted and adjusted RRs for former
and current users and the corresponding unadjusted and adjusted
specificities. Current use of ERT was associated with an in-
creased likelihood of a false-positive mammographic reading
when compared with never use (adjusted RR = 1.33; 95% CI =
1.15-1.54; f<.001). The RRs for former users were not sig-
nificantly different from 1.0. Adjusted specificities were derived
by entering the mean values of important covariates into the
logistic regression model and were 86%, 86%, and 82% for
former users, never users, and current users, respectively. Fol-
low-up mammograms (additional views or a contracted screen-
ing interval) were ordered proportionally more often in current
users (11.6%) than in former users or never users (7.0% and
7.7%, respectively; /><.001).

Among current ERT users, the risk of a false-positive screen
was similar for those who used estrogen alone and those who
used estrogen plus progesterone (Table 4). The effect of current
estrogen use on the false-positive frequency was not modified

by age (P = .73) or by the existence of a previous non-BCSP
mammogram (P - .62). Current ERT users with a positive fami-
ly history had a higher RR of a false-positive examination than
those current users without a family history (Table 5), but this
difference was not statistically significant (P = .14).

Similar specificity calculations were done after defining a
positive examination more rigorously, i.e., as a reading of
"suspicious for cancer" only. Unadjusted and adjusted
specificities calculated in this manner are listed in Table 6 as are
the RRs of a false-positive test.

Sensitivity

A higher false-negative frequency was observed among
women who were current users of ERT than among never users
or former users (Fisher's exact test; P - .04). Four (31%) of 13
cancers in the current user group were not detected by mam-
mography, compared with two (6%) of 34 and one (6%) of 16 in
the never users and former users groups, respectively. These
seven false-negative cancers all measured 15 mm or more in
diameter. The RR of a false-negative mammogram among
women who had cancer for former users versus never users was
1.06 (95% Cl = 0.10-10.87); for current users versus never
users, the RR was 5.23 (95% CI = 1.09-25.02; P = .04). Because
of the small absolute numbers of cancers, we were unable to ad-

Table 3. False-positive frequency analysis (positive defined as any abnormal reading*): the relationship of estrogen replacement therapy (ERT) to the proportion of
false-positive mammograms among women who do not have breast cancer (n = 8716)

ERT use
category

Unadjusted
risk ratio

(95% confidence
interval)

Adjusted!
risk ratio

(95% confidence
interval)

Unadjusted
specificity

(95% confidence
interval)

Adjusted!
specificity

(95% confidence
interval)

Never used!

Former user

Current user

1.0

0.98(0.85-1.12)1

1.22(1.06-1.40)11

1.0

1.00 (0.87-1.15)§

1.33(1.15-1.54)11

85% (84%-86%)

85% (84%-87%)§

82%(81%-84%)

86% (84%-88%)

86% (84%-87%)§

82% (80%-84%)H

•Suspicious for cancer or indeterminate.
t Adjusted for age, history of first-degree relative with breast cancer, history of a previous mammogram.
^Reference group.
§Former and never users not significantly different at the .05 level.
IITwo-sided P<.01 for current users versus never users and two-sided P<.001 for current users versus former users.
^Two-sided P<.001 for current users versus never users and two-sided P = .001 for current users versus former users.
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Table 4. False-positive frequency (positive defined as any abnormal reading*)
and therapy type: the relationship of type of estrogen replacement therapy

(ERT) to the proportion of false-positive mammograms among women
who do not have breast cancer

Unadjusted Adjusted
risk ratio risk ratiot

ERT category (95% confidence inten-al) (95% confidence interval)

Not a current user
(n = 3826)+

ERT alone
(n= 1265)

ERT plus progesterone
(n = 835)

1.0

1.20(1.02-1.43)

1.25(1.02-1.52)

1.0

1.31 (1.10-1.55)

1.37(1.11-1.68)

*Suspicious for cancer or indeterminate.
tAdjusted for age, first-degree relative with breast cancer, history of a pre-

vious mammogram.
IReference group.

Table 5. Family history and false-positive frequency (positive defined as any
abnormal reading*): the relationship between estrogen replacement therapy

(ERT) and the proportion of false-positive readings in women who do
not have cancer (false-positive frequency)

Adjusted risk ratiot Adjusted risk ratiof
(95% confidence interval) (95% confidence interval)

in women with a in women with a
ERT use category negative family history positive family history

Never usedt

Former user

Current user

1.0

0.97(0.84-1.12)

1.28(1.10-1.50)§

1.0

1.59(0.96-2.64)

2.07(1.2-3.5)1

*Suspicious for cancer or indeterminate.
tAdjusted for age, first-degree relative with breast cancer, history of a pre-

vious mammogram.
+Reference group.
§Chi-squared test for interaction, positive family history versus negative fami-

ly history, not significant (two-sided P = .14).

just for confounders. Elimination of the two DCIS cases from
consideration as true positives did not change the sensitivity
values. Both DCIS cases occurred in never users who had not
had a previous mammogram and were detected by the first
BCSP mammogram.

Discussion

We have conducted a search of the medical literature, and we
believe that this is the first study to explore the relationship be-
tween ERT and the performance characteristics of screening
mammography. We observed a significant and potentially im-
portant decrease in specificity among current users of ERT. This
finding persisted after adjustment for variables that might inde-
pendently affect the interpretive process. In addition, we found a
statistically significant reduction in sensitivity of screening
mammography when women currently using ERT were com-
pared with those who were not currently receiving this therapy.
Because of the small number of cancer cases, the sensitivity
confidence intervals were wide, and we were unable to adjust
for potentially important confounders.

The particular strengths of this study include the following: 1)
its generalizability, in that it was conducted in the context of a
community-based practice; 2) the existence of a comprehensive
pharmacy database, allowing accurate ascertainment of current

ERT use; and 3) the existence of survey information on many
variables that might confound the relationship between ERT use
and mammography outcome.

Our study does have several limitations. First, since we con-
fined our investigation to asymptomatic women 50 years of age
and older, the results cannot be generalized to younger women
who are receiving ERT. Second, we relied on survey data to
identify postmenopausal subjects and past use of ERT; thus,
there is a potential for misclassification of subjects. Third, we
were unable to explore the relationship between total duration of
ERT use and changes in mammographic performance charac-
teristics. An analysis of this relationship constitutes an important
area for further study.

We suggest several possible explanations for the association
between ERT use and an increase in the false-positive frequency
and a reduction in the specificity of screening mammography.
First, postmenopausal ERT results in an increase in radiographic
breast density. Fajardo et al. (9) have demonstrated that a
radiologist's certainty of interpretation of a mammogram is in-
versely related to the density and complexity of the image. This
uncertainty may lead to a greater number of "abnormal" read-
ings, i.e., an increase in the false-positive frequency, and the
need for supplemental diagnostic tests. An increase in density
might also decrease the sensitivity of mammographic screening
by obscuring important details. Several studies (16,17,35) have

Table 6. False-positive frequency analysis (positive defined as a reading suspicious for cancer only): the relationship of estrogen replacement therapy (ERT) to the
proportion of false-positive mammograms among women who do not have breast cancer (n = 8716)

ERT use
category

False
positives

True
negatives

Unadjusted
risk ratio

(95% confidence
interval)

Adjusted
risk ratio*

(95% confidence
interval)

Unadjusted
specificity

(95% confidence
interval)

Adjusted
specificity*

(95% confidence
interval)

Never usedt

Former user

Current user

187

156

163

3605

2681

1924

1.0

1.12(0.90-1.39)

1.63(1.3 l-2.03)t

1.0

1.16(0.93-1.45)

1.71 (1.37-2.14)§

95% (94%-96%)

95% (94%-96%)

92% (93%-94%)

95% (94%-96%)

94% (93%-96%)

91%(90%-94%)§

•Adjusted for age, history of first-degree relative with breast cancer, history of a previous mammogram.
tReference group.
tTwo-sided P<.002 for current users versus never users (other intergroup comparisons not significant at the .05 level).
§Two-sided P<.00\ for current users versus never users (other intergroup comparisons not significant at the .05 level).

Journal of the National Cancer Institute, Vol. 88, No. 10, May 15, 1996 ARTICLES 647

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/88/10/643/894369 by guest on 21 August 2022



found an association between high breast density and a failure to
detect cancer at screening.

Another explanation for the reduction in specificity might be
that mammographers are more cautious in interpreting mam-
mograms of women who are known current users of ERT.
Mammographers at GHC receive some clinical information on
screened women at the time of interpretation, including ERT use
and family history. The knowledge of an association between
ERT and increased density and a potential increase in breast
cancer incidence associated with long-term ERT use (36,37)
could raise the preinterpretation level of suspicion and result in
more abnormal readings. A lowering of the threshold for decla-
ration of an abnormal reading might also be expected to result in
an increase in sensitivity. Such was not the case in our study.
Rather, the sensitivity and specificity were lower among current
users. Thus, the overall diagnostic accuracy was reduced for
current users of ERT.

Sensitivity could be affected by including newly arising can-
cers in the false-negative group. Some of the false-negative ex-
aminations among current users might be explained by the
existence of tumors that grew rapidly under stimulation by ex-
ogenous estrogen. This acceleration in the growth of spon-
taneously occurring cancers would lead to an effective
shortening of the lead time to diagnosis among current users,
bringing tumors to clinical attention sooner in the presence of
estrogen than in its absence. This phenomenon is probably less
of a factor when one uses a 1 -year versus a 2-year interval as the
gold standard definition.

Finally, it is possible that the association between ERT use
and the decrease in mammographic sensitivity and specificity is
the result of some unknown third factor. We were unable, for in-
stance, to adjust for alcohol consumption as a potential con-
founder (38,39), although, for the most part, the known effect of
this and other factors on density are modest compared with that
of ERT. Consequently, we consider hormonally induced in-
creases in density to be the most likely explanation for the
reduction in specificity and sensitivity, especially since this
decrement was confined to current users and the effect persisted
after adjustment for known confounders. That former users had
sensitivities and specificities similar to those of never users sug-
gests that the effect of ERT on screening mammography is tran-
sient. Although most current users were taking conjugated equine
estrogen (Premarin), there is no reason to suspect that this associa-
tion is restricted to that particular estrogen preparation.

The impact of even a modest decrease in specificity from
86% to 82% could be significant within the context of a
widespread screening program. For example, for a population of
1000 women with a breast cancer prevalence of seven per
thousand, ERT would result in an extra 40 false positives. This
increase in the false-positive frequency may add considerably to
the emotional and economic burdens of screening for breast can-
cer. At the very least, these false-positive examinations would
generate additional mammographic examinations at a reduced
interval of 3-6 months (40). Some of the false positives would
undoubtedly lead to open biopsies, which are considerably more
costly from both emotional and economic standpoints. Eddy et
al. (41) estimated that the cost of a work-up of a false-positive
mammogram (abnormal, but ultimately benign, mammographic

findings) to be $900 in 1984 dollars. The detrimental psycho-
logical costs for the patient and her family are well described
(42-46). The psychological stress of a false-positive examina-
tion is not confined to women with readings that are suspicious
for cancer (42). If our results are confirmed, these emotional and
economic costs will need to be considered in future analyses of
the cost-effectiveness of screening programs and of hormonal
replacement in postmenopausal women.

ERT has some clear health benefits. The demonstrated reduc-
tion in osteoporosis morbidity (47-49) and the promise of a re-
duction in cardiovascular mortality (50-53) has made Premarin
the most commonly prescribed proprietary medication for the
last several years (54). As part of the complex, individual
decision about whether to use ERT, women should be informed
of a possible increase in the chance of a false-positive mam-
mogram while taking estrogen. Future studies should also focus
on the duration of ERT's effect on the interpretive process and
the benefit of short-term withdrawal of ERT prior to screening
mammograms. Although we found a significant decrement in
radiographic sensitivity in current users of ERT, this result
should be interpreted with caution; the CIs are very wide and,
because of the low absolute number of cancer cases, we could
not control for factors known to affect the sensitivity of the
mammogram. A clinically significant ERT-associated reduction
in diagnostic sensitivity could severely compromise the ability
of screening mammography programs to reduce mortality. Fur-
ther studies are needed to investigate this potentially important
relationship.

We conclude that the current use of postmenopausal ERT is
associated with a reduction in specificity and an increase in the
false-positive frequency of screening mammography in women
50 years of age and older. This effect may have important emo-
tional and economic costs. Further study of the relationship be-
tween ERT and the sensitivity and specificity of screening
mammography is needed, since millions of women and their
physicians continue to weigh the risks and the benefits of post-
menopausal hormone replacement therapy.
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Notes

^Editor's note: SEER is a set of geographically defined, population-based
central tumor registries in the United States, operated by local nonprofit or-
ganizations under contract to the National Cancer Institute (NCI). Each registry
annually submits its cases to the NCI on a computer tape. These computer tapes
are then edited by the NCI and made available for analysis.
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